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The Conventional thermocouple and visual observation methods, however, have limitations to measure the 
spread rate of the flame along vertically oriented flat wall due to complexity of implementation. To overcome 
these limitations [1] uses an automated infrared imaging system to obtain two-dimensional wall surface 
temperature data in a relatively large area.  
They compare the results of the thermocouple and infrared imaging temperature. All the results indicate 
that the infrared system with a (10.6 ± 0.5 m) band pass filter successfully avoids interferences from the 
flame allowing measurements of temperature distribution on the fire-heated wall, from which the spread rate 
in any direction can be deduced. However, this technique will fail for flames whose emissivity is greater than 
0.1 [1]. 
The present paper reports on a novel measurement technique based on the infrared thermography which 
allows simultaneous time resolved measurements of the evolution of the flame temperature field. 
Understanding of the stability of turbulent non-premixed flames is both of fundamental and practical 
importance because of their wide spread appearance in combustion applications. One of the phenomena of 
major influence on flame stability and combustion efficiency is extinction. Strong interaction between 
turbulence and chemistry taking place near the flame front can lead to local extinction. Flame-vortex 
interactions (FVI) leading to local extinction have been studied numerically using direct numerical simulation 
(DNS) [2] and [3] and computational fluid dynamics with chemistry (CFDC) [4]. 
To increase the understanding of turbulence-chemistry interaction phenomena such as local flame 
extinction further experimental studies performed in fully turbulent flames are needed. These experiments 
should provide two-dimensional (2-D), or ideally three-dimensional (3-D), measurement data of large scale 
structures which are believed to play an important role. As the process is inherently time-dependent these 
experiments should be performed with high time resolution to reveal the dynamics of the events. Finally, 
simultaneous measurements of several quantities allow correlations between various flow and flame quantities 
to be studied. Studies focusing on local extinction phenomena in turbulent non-premixed flames which have 
fulfilled some of these criteria have been reported in the past [5], [6], [7], [10], [8], [9]. 
2. Experimental methodology  
In our experiment apparatus we used an impinging plate fabricated by the stainless steel material which has 
8030 kg/m3 density and a specific heat of 502.48j/kg. K and a thermal conductivity of 16.27W/m. K with 
dimension of (200*400) mm2 Fig.1.  
The heat flux was calculated in a planes perpendicular to the jet flame center line and in order to calculate 
the heat flux along the flame centerline the temperature data was taken from the IR software, this data 
considered in different level from the burner orifice at Y= ….., Y= ….., Y= ……,  
The root mean square temperature fluctuation was calculated based on the FFT transform from the 
temperature data captured by the thermaCAM Pro2.9 Flir system.  
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Fig.1. The schematic diagram of the experimental apparatus 
 
3. Results and discussion 
3.1.  Impinging diffusion flame without dilution 
Our experimental analysis was based on the simulation data of the same type of an impinging methane 
diffusion flame spreading vertically on a no combustible wall and based on the IR thermaCAM researcher 
Pro2.9. The emissivity of the flame was estimated to 0.02 that is selected to obtain a temperature degree in the 
same level of our simulation [11], the distance between the IR camera and the object is 2.0m in the same 
direction of view and perpendicular to the flame object, the reflected temperature is 20.0C°, and the 
atmospheric temperature is 30.0C° and for the relative humidity is 50% and for the computed transmission 
value is 0.99 Fig.1. 
From the 40-60 image sequences recorded at each height in the flame the sequences where local extinction 
occurs were identified. These were frequently occurring in the lower regions of the flame, approximately 45 % 
of the sequences at 10-30 mm above the burner showed at least one local extinction phenomenon, whereas 
they decreased in number with increasing height over the burner where the larger scale coherent structures 
were less pronounced. At the highest position studied, 170-190 mm above the burner, only 15 % of the 
sequences showed local extinction. A number of sequences, taken at different heights, capturing the dynamics 
of extinction, i.e. showing a closed flame front in the first infrared flame image and then displaying the break 
up process, were chosen. Fig 2. The extinction frequency value in the extinction region is about 5 Hz 
calculated using a Matlab program. But if we measure the same frequency in other flame region we find an 
increase in there value to 18 Hz. 
A sequence showing re-ignition of an already extinct flame front is also presented. In all image sequences 
shown the fuel flow is on the left side of the flame front and the air flow is on the right side Fig.2. This 
phenomenon was also observed by [10] who found that local extinction in a similar flame was primarily 
caused by the unsteady radial movement of internal vortices which rapidly passed through the flame zone. 
According to [10] and [4] the local extinction caused by the internal vortices is largely due to unsteady 
transport effects on chemical kinetics. When the vortex approaches the flame front it strains the front and the 
steep fuel concentration gradient ahead of its leading edge causes a large fuel flux into the reaction zone. This 
large flux of methane and also of some preformed methyl radicals into the reaction zone depletes the radical 
pool (OH, H and O) in the strained flame zone, and thus quenches the flame locally. 
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Fig.2. turbulent diffusion flame impinging on a lateral wall L/d=1.5. And Re= 6000. The time separation between images is 35 ms 
 
In the velocity field several small vortices are seen rolling up along the flame front on the fuel side (right 
side) [11]. These are axi-symmetric vortices which evolve along the shear layer between the fuel and air flows, 
the rotational axis of the vortices is parallel to the flame front and oriented horizontally. 
3.2.  Impinging diffusion flame with nitrogen dilution  
In this part we were study the effect of nitrogen dilution gas on the behavior of turbulent diffusion 
impinging methane flame, the flow rate of the fuel jet was varied with the addition concentration of the 
nitrogen from 0.2N, 0.4N, 0.6N, 0.8N.  
In the same fig. 3 illustrates a flow frequency in the same point for different distance from the center line 
of the methane jet to the wall plate for different nitrogen dilution rate. The flow frequency is highly 
influenced by the nitrogen rate the frequency was increase with the increasing of the dilution rate in the same 
point and for the same distance L/d. the same results when the distance L/d change the frequency of the flame 
change too. The same like in the fig.4 that shown the characteristics of impinging methane diffusion flame for 
different nitrogen dilution rate and in tree position from the wall plate (2mm, 7mm, 13mm), the 
characterization of the flame flow vortex more influenced by the distance from the wall, and when the 
nitrogen dilution rate of the methane diffusion flame change that will influence on the mixing of the flame 
with the surrounding air.   
For the case of the pure methane impinging flame (1CH4  +  0N2) shows slower combustion development. 
The lowest temperature in every distribution is located at the impinging point of the two jets. Because the 
non-reactive gas, the temperature at the center line decreases as the mixing ratio increases. A N2/CH4 = 
0.6/0.4 diffusion flame has a shorter flame length and in this case the flame is very fast to extinguished and 
we find a more instable flame for nitrogen mass fraction 0.6 N2 1  Fig.4. 
Fig. 5 illustrates the maximum temperature location for every case in the cross section. The location of the 
flame sheet is also shown. The results show that the pure methane impinging flame as the maximum 
temperature range exhibits. The flame configuration decrease as the proportion of non-reactive gas in the fuel 
is increased. The stretch force of the flame also becomes weaker when mixed with nitrogen gas and the 
extinction occurs. 
The length of the diffusion flame for pure methane flame is about 3/4time greater than 0.4N2, so the length 
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of the methane diffusion flame for the case 0.4N2 is longer than 0.6N2 by 1/2 total length such as the distance 
between the bottom and the top of the flame is 80mm for free pure methane jet and 60mm for 0.4N2 and 
26mm for 0.6N2.   
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Fig.3. Variation of flow frequency influenced by the distance from the wall and by the dilution rate 
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flame for L/d= 10mm
 
 
X1= 2mm 
Y1= 65mm  
         1CH4  +  0N2 
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X3= 13mm 
Y3= 65mm 
         1CH4  +  0N2 
1CH4  +  0.6N2 1CH4  +  0.6N2 0.4CH4  +  0.6N2 
 
 
Fig.4. data set of multiple flame dilution rates for different position sp1(x1= 2, y1= 65), sp1(x2=7,   y2= 65), sp1(x3= 13, y3=65) 
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3.3. Influence of the nitrogen dilution on the length of free jet methane diffusion  flame 
 
   
 
Fig.5. effect of dilution rate on the methane diffusion length from left to right (0.4CH4+0.6N2), (0.6CH4+0.4N2), (1CH4+0N2) 
 
In a liquid rocket engine, the addition of nitrogen gas may increase the thrust owing to an increase in the 
mean specific weight. The disadvantage is that the nitrogen reduces the flame temperature. Figs. 5 illustrate 
the differences between a pure impinging flame and a flame mixed with nitrogen gas. The length of the 
diffusion flame decreases as the N2/CH4 mixture ratio is increased. The blue area occupies nearly the entire 
impinging flame for a mixture ratio of 1. This shows that the nitrogen gas molecules dilute the local methane 
fuel concentration, which produces better combustion. Because of the flame stretch effect, the pure diffusion 
flame grows and assumes an axially symmetrical conical shape. When the methane flame mixes with nitrogen 
gas, the flame shape tends to flatten. These flow fields are similar to the cold flow of jet impinging flow [12]. 
It is evident that the flame stretch might be destroyed by the inert gas, nitrogen. The nitrogen molecules mix 
with the methane flame and break down the stretch mechanism. In the diffusion flame, a weaker stretch 
boundary may enhance the mixing rate between the fuel and oxidizer. The fluctuation phenomenon can, 
therefore, be improved. 
 
4. Conclusions 
An experimental investigation on improving the diffusion rate by introducing inert gas into a free jet and 
impinging methane diffusion flame was executed. The conical shape of the diffusion jet flame was destroyed 
and the stretch effect was weakened as the methane fuel mixed with the nitrogen gas. The flame structure was 
that of a plane flame. It is interesting to note that the non-reactive gas, nitrogen gas, spread the flame to a 
shape similar to that of the cold flow condition. 
The results show that the inert gas increased the diffusion rate in the reaction process. The flame became 
bluer and shorter. The fluctuation rate at the tip of the conical flame was also reduced. The blue flame is more 
stable than the pure diffusion flame. The results suggest that the inert gas does not interact with the reaction 
flow but does impact the diffusion rate. It is also interesting to note that the temperature of the jet flame 
decrease as the nitrogen gas mixture ratio is increased. The mixing will shorten the combustion zone which 
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will reduce the combustor size. 
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